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生产品的精确定价公式. 对快速均值回复 Ornstein-Unlenbeck (O-U)过程的随机
波动率模型,本文采用 Fouque等 (2000)提出的扰动法得到了永久美式障碍期权
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Stochastic Volatility Models with Its Applications
ABSTRACT
In this thesis, we apply different approaches for the stochastic interest rate model
and the stochastic volatility model to price derivatives. Based on the reduced-form
approach, the explicit pricing formula of credit derivatives is derived for the fractional
stochastic interest rate model. For the fast mean-reversion Ornstein-Unlenbeck (O-
U) stochastic volatility model, this thesis uses the perturbation method, suggested by
Fouque et al. (2000), to present asymptotic formulae of perpetual American barrier
options. To the stochastic volatility model with volatilities driven by different O-U
processes, we propose an approximate formula for pricing multi-asset European op-
tions by using the Fourier transformmethod with respect to the ”volatility of volatility”
, suggested by Josep et al. (2008). Finally, in the application part of the thesis, the
asymptotic formula of perpetual American barrier options newly obtained is applied
to bank runs decision.
To a fractional stochastic interest rate model with jump, this thesis investigates
the pricing problems of default-risk bonds and credit default swaps (CDSs) for the
primary-secondary framework. Based on the reduced-form approach, we derive
the explicit pricing formula of defaultable bonds by using properties of the quasi-
martingale with respect to the fractional Brownian motion and the jump technique in
Park (2008), the CDS is priced by the arbitrage-free principle.
We consider the pricing problems of options under different stochastic volatility
models. This thesis, taking the case of the perpetual down-and-out call option for ex-
ample, discusses a stochastic volatility model for pricing perpetual American barrier
options where the volatility is driven by a fast mean reversion O-U process, pricing
problem of which can be formulated as a free boundary problem. Using the perturba-















are expanded in the power of the length of mean reversion time, and then, by solv-
ing a set of Poisson equations, two asymptotic formulae are derived for this option
price and the optimal exercise boundary, respectively. With respect to the stochastic
volatility model that the volatilities are driven by different O-U processes, this thesis,
taking the case of two asset European options for example, studies the pricing problem
of multi-asset European options. We, by using the Fourier transform of joint distri-
bution density function satisfying the Fokker-Plank equation, obtain that the Fourier
transform of this function satisfies the partial differential equation (PDE). And then,
the approximation of marginal density function is derived by a second-order Taylor
series expansion of this Fourier transform with respect to the ”volatility of volatility”,
straightforward calculation yields the approximation of this option price.
In the end, we discuss game analysis for the bank run model in Alexandre Ziegler
(2004) under a stochastic volatility model with the assumption that the volatility is
driven by a fast mean-reversion Ornstein-Unlenbeck (O-U) process. In order to ana-
lyze game for bank runs, we need to provide the value of the bank’s equity correspond-
ing to the value of a perpetual down-and-out call option. Thus, we use the results of
Chapter Three to present an analytical asymptotic formula for the bank’s equity value.
And then, based on the newly obtained formula, we analyze the initial funding deci-
sion, investment decision and recapitalization decision of the game between bank and
depositors.
KeyWords: stochastic interest rate; stochastic volatility; credit derivatives; perpetual
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学生William Sharp提出了Markowtz的简化方法-单指数模型. 同时,他还和 Jan
Mossin和 John Lintner一起创造了资本资产定价模型(简称CAPM),这一理论与
同时的套利定价理论模型(APT)标志着现代金融理论走向成熟.





风险中性定价理论.在这一思想下, 1979年 Harrison和 Kreps提出了鞅方法,利
用等价鞅测度定价期权、套期保值、对冲,对衍生产品定价产生了深远的影响.
到了90年代, 信用风险模型成为金融最新发展的领域, 是从1974年 Merton
提出的公司债期权框架下发展起来的, 提出了结构模型. 随后, Robert Jar-






























行了大量的研究, 特别是随机利率模型. 随机利率模型最早是由 Merton提出
来的, 这些模型中最著名的是单因子 Vasicek (1977)利率模型和 Cox , Ingersoll
& Ross (1985) (CIR)利率模型. Brennan & Schwartz (1977), Hull & White (1990),
Longstaff & Schwartz(1992)以及 Duffie & Singleton (1997) 将 Vasicek利率模型
和 CIR利率模型推广到两因子模型. 其中,利率随机波动率模型是两因子模型
中最流行, 参看 Frey (1996), Fouque等 (2000a). Ahn & Thompson (1988)对利率
期限结构首次考虑跳扩散模型,之后, Bakshi & Madan (2000)以及 Duffie, Pan和
Singleton (2000)也考虑利率是由跳扩散过程所驱动的. Huang等 (2012)提出了






从均值回复 O-U过程. Stein & Stein (1991)考虑在波动率遵循均值回复 O-U过
程的情况下期权的定价问题,且得到了股票价格的解析密度函数, 但波动率过
程与股票价格过程是不相关的. Heston (1993)研究波动率的平方服从类似 CIR
过程的期权定价问题. Fouque等 (2000a)提出了快速均值回复随机波动率模型;





























化的随机波动率模型, Zhu & Chen (2011b)考虑永久美式看跌期权定价问题.对
于多尺度随机波动率模型使用多尺度扰动法, Fouque等 (2003a)证明了引入缓
慢变化因子的原因及此模型能更好的模拟长期限的期权,并给出了欧式期权、
亚式期权的价格渐近公式; Fouque等 (2006)考虑违约债券; Wong & Chan (2007)
讨论了固定敲定价格回望期权、浮动敲定价格回望期权及回望复式期权的渐近
定价公式,这可以应用到动态基金保护价格的评估,这是因为动态基金保护可看
成一个双币回望期权; Chen & Zhu (2012)得到永久美式看跌期权及最优执行价
格的渐近公式. 前边提到的文献中关键假设是波动率过程的方差与参数的倒数
是O(1), Souza & Zubelli (2007)考虑小波动率方差结构,得到了对应期权的渐近
定价公式,这些修正项分成内解和外解. 关于此模型,还可以参看 Khasminskii &
Yin (2005).
对于 Fourier变换技巧,通过逆 Fourier变换得到密度函数, Heston (1993)得
到了 Heston随机波动率下期权价格的显式解; Bakshi等 (1997)推广到带跳的
标的资产价格模型, 给出了期权价格的精确解. Bates (1996) 和 Bakshi & Chen
(1997)考虑货币期权,并给出了闭形式解; Perello等 (2008)研究波动率服从均值
回复 O-U过程下欧式看涨期权的定价问题,基于特征函数的部分和展开得到此
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